Antifungal activity against the pathogen, Botrytis cinerea, and a bioassay organism, Cladosporium cladosporioides, declined with advancing strawberry fruit maturity as shown by thin layer chromatography (TLC) bioassays. Preformed antifungal activity was also present in flower tissue. The fall in fruit antifungal compounds was correlated with a decline in natural disease resistance (NDR) against B. cinerea in-planta. Crude extracts of green stage I fruit (7 days after anthesis) contained at least two preformed antifungal compounds (R f = 0.44 and 0.37) that were not present in white and red stage fruit. These compounds were shown with TLC reagent sprays to be neither phenolics nor alkaloids. Positive reactions to Ehrlich's reagent suggested that R f = 0.37 was a terpene. Most antifungal activity was found in the achenes of green stage I fruit. However, antifungal activity was found in all tissue types (viz. pith, cortex, epidermis) of green stage I fruit. TLC bioassays revealed that all fruit stages yielded antifungal activity at the origin (R f = 0.00). The approximate area of fungal inhibition at the origin in green stage 1 fruit extracts was 1.87-fold and 1.73-fold greater than in white and red stages, respectively. TLC reagent sprays showed that the antifungal compound(s) at origin included phenolics. This Daugaard et al., 1999; Hébert et al., 2002). However, no strawberry cultivar is highly resistant to grey mould. B. cinerea tends to infect inflorescences in the field, but extensive fruit decay is only usually seen following harvest after when the fruit has reached and passed full harvest maturity (Powelson, 1960; Bristow et al., 1986).
Whetzel) according to their physiological status (Gilles, 1959) and genotype (Daugaard et al., 1999; Hébert et al., 2002) . However, no strawberry cultivar is highly resistant to grey mould. B. cinerea tends to infect inflorescences in the field, but extensive fruit decay is only usually seen following harvest after when the fruit has reached and passed full harvest maturity (Powelson, 1960; Bristow et al., 1986) . Therefore, B. cinerea generally remains quiescent until either physiochemical defences and/or stimulation in the host fall or rise, respectively, to allow invasion to continue. The inherent natural disease resistance (NDR) of strawberry fruit probably declines during fruit development and senescence, including during postharvest storage. Between flowering and fruit senescence there is evidently a period of relatively high resistance when grey mould development is rare.
Authors have attributed variation in NDR in strawberry fruit to skin strength (Gooding, 1976) , fruit tissue firmness (Barritt, 1980) and flower susceptibility with less dense lighter coloured mycelium from positive control (extracting solvent only). The retention factor (R f ) and areas of inhibition were measured and recorded.
Antifungal identification
Detection procedures for compounds on 1 and 2-D TLCs included inspection under visible and ultraviolet (254 and 336 nm) light before and during fuming with 98% v/v ammonia. After examination, ammonia was removed from plates by air drying for 1h. Replicate plates were sprayed with 10% w/v phosphomolybdic acid (PMA) in ethanol, and heated to about 100°C for 2 min (Terry et al., 2003) . PMA is a general visualisation reagent for oxidizable compounds. More chemical class specific visualisation reagents were used for detection of phenolics (Folin-Ciocalteu; diazotized sulfanilic acid), alkaloids (Dragendorff's) (Waterman and Mole, 1994; Terry et al., 2003) and terpenes (Ehlrich's; Vincent et al., 1999) . The R f and colour of detected spots were recorded and compared to zones of fungal inhibition on duplicate bioassay chromatograms.
Crude extraction of whole strawberry fruit at different development stages
Whole green I, white and red stage strawberry fruit without calyxes (50 g FW)
were randomly harvested, immediately snap frozen in liquid nitrogen and stored at -18°C until use. Each sample extract was prepared according to Terry et al. (2003) .
Briefly, fruit was ground in liquid nitrogen and added into 99% (v/v) ethanol at 3 ml g -1 FW. The mixture was homogenised, filtered, and then concentrated in a rotary evaporator (Buchi Rotovapor, Büchi Labortechnik AG, Flawil, Switzerland) under vacuum of 0.6 kPa at 40°C to approximately one third of the original volume. The concentrated extract was then partitioned twice with equal volumes of 99% (v/v) dichloromethane using a separating funnel. The lower dichloromethane layers were pooled and dried by adding 6 g of anhydrous MgSO 4 . This mixture was then filtered, evaporated to dryness and resuspended in 99% (v/v) ethanol at 0.2 ml g -1 FW (Droby et al., 1986) . The experiment was repeated twice to reduce possible variations in fruit chemistry.
Crude extraction of different tissues from whole strawberry fruit at different development stages
Green stage I, white and red strawberry fruit were harvested and dissected into pith, corticular parenchyma, epidermal tissue without achenes and achenes. Each tissue type (10 g FW) from each fruit stage and whole fruit were extracted as described above for whole fruit. The experiment was repeated twice. 
Sequential extraction and column chromatography of green stage I tissues

Sequential extraction of green stage I achenes
Green stage I fruit were randomly harvested and their achenes removed.
Achenes (10 g FW; 2.89 g DW) were prepared and sequentially extracted in ethyl acetate and ethanol as described above and then used for TLC bioassays.
Sequential extraction of different strawberry flower development stages
Strawberry flowers at white bud, full bloom and post-anthesis development stages (Jarvis and Borecka, 1968) were randomly harvested and prepared as previously described for fruit. Besides whole flowers, receptacle tissue including pistils from each of the 3 flower stages were also selected and prepared as described above. Each sample (10 g FW) was sequentially extracted in ethyl acetate and ethanol (99% v/v) as previously described and the extracts were used for TLC bioassays.
Data analysis and presentation
Disease severity data were analysed by using ANOVA using Genstat 5
Version 4.1. Where significant differences among treatments were obtained, mean separation was by LSD (P = 0.05).
Results
Disease severity
Disease expression studies at 5°C suggested that the natural disease resistance of strawberry cv. Elsanta fruit declined during fruit development ( Table 2 ). The time to 10% disease severity for green stage I fruit was significantly (P < 0.001) longer than for white and red stages. Control and inoculated green stage I fruit were approximately 1.5 and 3 times more resistant in terms of time to 10% disease severity to grey mould after harvest than red fruit. In contrast to white and red stage fruit, B.
cinerea conidia were never produced on green stage I fruit. Rather a mass of white mycelium was observed. Thus, normal development of the fungus was also inhibited on green stage I fruit. Natural infection was always caused by B. cinerea. Time to 10% disease severity was significantly shorter (P < 0.001) for inoculated fruit than control fruit. There was no significant (P > 0.05) interaction between fruit stage and inoculation. Thus, fruit development stage effects were similar for both ± inoculation treatments. No difference was observed in the morphology of grey mould infections between inoculated and control fruit of the same development stage.
INSERT TABLE 2
Preformed antifungals in strawberry fruit tissue extracts of different developmental stages
Crude ethanol extracts of green stage I, white and red stage strawberry cv.
Elsanta fruit contain varying degrees of antifungal activity as shown by 1-D TLC bioassay (Plate 1). Green stage I fruit extracts contained at least two colourless preformed antifungal compounds (R f 0.44 and 0.37) that were not present in white and red stage fruit (Table 3) . Negative TLC plate reactions to UV-C, phenolic and Dragendorff's reagent sprays suggest that these compounds were neither phenolics nor alkaloids, respectively (data not shown). Low intensity to but positive reactions of R f 0.37 to Ehrlich's reagent suggested that it may be a terpene.
INSERT PLATE 1 INSERT TABLE 3
Crude extracts of white and red fruit contained a yellow-coloured non-polar preformed antifungal compound (R f 0.86) of weak intensity that was not found in green stage I fruit (Table 3 ). All fruit maturity stages showed antifungal activity at the origin of TLC bioassay (Plate 1). The approximate area of fungal inhibition at the origin in green stage I fruit extracts (R f 0.13-0.00) was 1.87 and 1.73-fold greater than in white and red fruit extracts, respectively (Plate 1; Table 3 ). Positive reactions to UV-C (dark), Folin Ciocalteu (dark blue) and sulfanilic acid (brown) reagent sprays suggest that origin compound(s) contain phenolics with antifungal properties against C. cladosporioides and B. cinerea (data not shown).
Distribution of preformed antifungals in green stage I fruit tissue
TLC bioassays of extracts from various green stage I fruit tissues revealed that greatest antifungal activity was in the achenes (Table 4) . None-the-less, antifungal activity was found in all tissue types; the pith, cortex and epidermis of green stage I fruit. The total area of fungal inhibition for green stage I achenes crude extracts was at least 1.4-fold greater than for other tissue types. All tissues showed similar antifungal profiles to those seen in whole green I fruit crude extracts (Plate 1 and Table 3 ).
INSERT TABLE 4
B. cinerea and C. cladosporioides were both inhibited by antifungal compounds separated in all running solvent systems (data not shown). Fungal growth inhibition by extracts from green stage I fruit achenes was evident for 20, 10 and 5 µl aliquots of crude extract (data not shown). The water content of achenes is almost one third that of other green stage I strawberry fruit tissue. However, on a dry weight basis achenes contained more antifungal compounds compared to whole fruit, pith, cortex and epidermis. 1 and 2-D C. cladosporioides TLC bioassays revealed that green stage I fruit achenes may contain at least eight preformed antifungal compounds (Table 5 ; data not shown) with two compounds at R f 0.42 and 0.36 (Table 5) apparently corresponding to R f s at 0.44 and 0.37 in whole green stage I extracts (Plate 1 and Table 3 ). Antifungal activity was observed at origin on TLC plates for white and red stage achene tissue (Table 5) . However, when run in an organic phase of ethyl acetate: benzene: 50% (v/v) ethanol (4:1:1) (Mussell and Staples, 1971) , antifungal activity against B. cinerea was observed at R f 0.76-0.58 for green stage I achenes (Table 6 ).
INSERT TABLE 5
INSERT as seen in sequentially extracted green stage I fruit achenes (Table 7 and Table 8 ).
Whole flowers at post-anthesis displayed greater antifungal activity at R f s 0.38, 0.29, 0.21, 0.10, 0.00 than white bud and full bloom stages (Table 8) . Whole flower ethyl acetate fractions had greater antifungal activity than pistils and receptacle tissue in all flower stages. There was no difference in the antifungal activity (R f 0.00) of ethanol fraction between whole flower stages and flower tissues (Table 8) .
INSERT TABLE 8
Discussion
Disease expression study
Natural disease resistance declined during fruit development (Table 2) .
Enhanced symptom expression with increasing strawberry cv. Elsanta fruit maturity confirms similar findings by Gilles (1959) and Powelson (1960) for other cultivars.
The differences in time to 10% disease severity score and in the growth habit of B.
cinerea between different fruit development stages may be due to resistance factors and/or availability of nutrients (Prusky, 1996) . However, it is unlikely that the observed antifungals in present study were induced as strawberry fruit were not subjected to biotic stress treatment after harvest. Table 3 ) probably contain catechin, epicatechin and gallate.
Preformed antifungals in strawberry fruit
Distribution of preformed antifungals in green stage I fruit tissue
Extracts of green stage I tissues revealed that greatest antifungal activity was 
Preformed antifungal compounds in strawberry flower tissue extracts at different developmental stages
Extracts of whole strawberry cv. Elsanta flowers at post-anthesis showed greater antifungal activity than white bud and full bloom stages (Table 8) . However, the susceptibility of flowers to B. cinerea increases with age to a maximum at petal-fall (Hennebert and Gilles, 1958) . It is possible that antifungal compounds in strawberry flowers may play a role in initiating B. cinerea quiescence, as B. cinerea tends to infect strawberries at flowering (Powelson, 1960) . However, more research is required to establish the exact role that these compounds may have in NDR during initial infection of strawberry flowers by B. cinerea.
Conclusion
Strawberry cv. Elsanta fruit and flowers contain preformed antifungal compounds which differ markedly in number and activity during flower and fruit List of Tables   Table 1: Preformed and inducible compounds with antifungal activity in strawberry plant and fruit tissues. 
